Abstract: Rudolf Emil Kalman passed away peacefully on 2 July 2016, at his home in Gainesville, Florida. He was 86 years old. His passing marks the end of an era. This paper is to remember and celebrate the life, the works, and the impact of a giant whose influence extends over several fields and who is considered the founder of the modern theory of systems and control.
LIFE AND WORKS
Rudolf Emil Kalman was born in Budapest, Hungary on 19 May 1930. He was raised in Hungary and was the product of a remarkable secondary school system. He was taken by his father from the torments of the Second World War to the United States when he was 13.
His father was an electrical engineer and Kalman decided to follow in his father' footsteps. He studied electrical engineering at the Massachusetts Institute of Technology, where he was awarded a S.B. in 1953, and continued to undertake graduate studies there leading to a S.M. in 1954. Kalman's early interest in control systems was evident. His research was based upon the notion of state variable representations, and was mathematically advanced but motivated by practical problems. He also showed, even at these early years, a highly individual approach to research which has continued during the remainder of his brilliant career.
Rudolf Emil Kalman. Credit: Engineering and Technology History Wiki.
Before the award of his doctorate Kalman had begun to publish influential papers. For example in Physical and mathematical mechanisms of instability in nonlinear automatic control systems (Trans. ASME, 79, 1957, 553-563) 
he gives (quoting from a review by Horace Trent) ... a lucid discussion of the stability problem for control systems containing one or more nonlinear elements. It is written in a style which appeals equally to advanced design engineers and to research workers who deal with the theory of such systems. The discussion is limited to those systems which can be treated as if they were made up of a finite number of "lumped" parts with time invariant parameters. Thus, such a system can be described by a finite number of simultaneous ordinary differential equations. The author exploits the topological approach to an analysis of non-linear systems; i.e., he examines the nature of trajectories in phase space as generated by variations of inputs, variation of initial conditions, etc., and from these results deduces quantitative information about the possible existence of nodes, foci, and saddle points. During these analyses he makes use of the method of virtual critical points. One of the main goals of the paper is to propose a classification of the types of nonlinearities which can give rise to instabilities.
From 1957 to 1958 Kalman was employed as a staff engineer at the IBM Research Laboratory in Poughkeepsie, N. Y. With R. W. Koepcke, he made an important contribution to the design of linear sampled-data control systems using quadratic performance criteria, published as Optimal synthesis of linear sampling control systems using generalized performance indexes (Trans. ASME, Ser. D, J. Basic Engr., 80, 1958, [1820] [1821] [1822] [1823] [1824] [1825] [1826] , in which he applied Bellman's dynamic programming and proposed the first general solution of the noise-free regulator problem. In the presence of noise, he observed that the problem of optimal estimation of the statistical properties of the input signal can be divorced from the problem of designing a control system so as to optimize some performance index. , 80, 1958, 1820-1826) , in which he applied Bellman's dynamic programming and proposed the first general solution of the noise-free regulator problem. In the presence of noise, he observed that the problem of optimal estimation of the statistical properties of the input signal can be divorced from the problem of designing a control system so as to optimize some performance index. , 80, 1958, 1820-1826) , in which he applied Bellman's dynamic programming and proposed the first general solution of the noise-free regulator problem. In the presence of noise, he observed that the problem of optimal estimation of the statistical properties of the input signal can be divorced from the problem of designing a control system so as to optimize some performance index. Tel: 420-224354102; e-mail: vladimir.kucera@cvut.cz) Abstract: Rudolf Emil Kalman passed away peacefully on 2 July 2016, at his home in Gainesville, Florida. He was 86 years old. His passing marks the end of an era. This paper is to remember and celebrate the life, the works, and the impact of a giant whose influence extends over several fields and who is considered the founder of the modern theory of systems and control.
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Proceedings of the 20th IFAC World Congress Toulouse, France, July 9-14, 2017 modern control theory. Just as examples of their diversity, one may mention the NASA Space Shuttles, US Navy submarines, aerospace weapons such as cruise missiles, autopilots, seismic data processing, nuclear power plant instrumentation, process control, weather forecasting, stock picking, econometrics, health monitoring, medical data processing, computer vision, traffic management and control, positioning, tracking, navigation, and motor control. The Kalman filter applications popularity is due to the fact that the digital computer is effectively used in both the design phase as well as the implementation phase. From a theoretical point of view it brought under a common roof related concepts of filtering and control, and the duality between these two problems.
Kalman also studied the inverse problem of optimal control theory and obtained surprising results. In his paper When is a linear control system optimal? (Trans. ASME, Ser. D, J. Basic Engr., 1964, 86, 51-60) he obtained a frequencydomain characterization of optimality with respect to quadratic criteria and shown that a feedback system is optimal if and only if its sensitivity to component variations in the forward loop is diminished (not accentuated) by feedback. Thus a single criterion assures optimal as well as robust performance.
In 1964 Kalman took up the position of Professor at Stanford University where he was associated with the departments of Electrical Engineering, Mechanics, and Operations Research. During that period his research efforts shifted toward the fundamental issues associated with realization theory and algebraic systems theory. Once more he opened up new research avenues in a new and basic area, and his contributions have helped shape up a new field of research in modern system theory.
In his paper Irreducible realizations and the degree of a rational matrix (J. Soc. Indust. Appl. Math., 13, 1965, 520-544) Kalman showed the equivalence of two hitherto separate lines of research, one in control theory (irreducible realizations) and the other in network theory (degree of a rational matrix). He proved that the degree of a proper rational matrix Z, which is the minimal number of energystorage elements in any realization of Z, is indeed equal to the dimension of the irreducible state space realization. He actually constructed an irreducible realization of Z from the Smith-McMillan form for the partial-fraction components of Z. In the joint publication Effective construction of linear state-variable models from input/output data (Proc. 3rd Annual Allerton Conf. Circuit and System Theory, Urbana, Illinois, 1965, 449-459) , B. L. Ho and R. E. Kalman described yet another algorithm for the construction of irreducible realizations, this time based on the Taylor expansion of Z around infinity.
Inspired by the algebraic theory of automata, Kalman formulated an algebraic theory of linear systems. In his Algebraic theory of linear systems (Proc. 3rd Annual Allerton Conf. Circuit and System Theory, Urbana, Illinois, 1965, 563-577) he observed that a linear, constant, finitedimensional system possesses an abstract description, which represents the input/output behavior of the system uniquely. In Gainesville, he established the Center for Mathematical System Theory, which was unique in its scope and reputation. His superb scholarship and magnetic personality was the heart and soul of the Center for more than two decades, attracting the most brilliant colleagues and contributors in control, dynamical systems, as well as many
Proceedings of the 20th IFAC World Congress Toulouse, France, July 9-14, 2017 subjects in mathematics. The Center benefited from an excellent and comprehensive library of which Kalman was justly proud and where his students spent hours classifying papers by topic. Kalman's ideas on statistics were thought-provoking and he had written a number of interesting articles on this topic after his retirement. For example he gave an informal lecture published as Probability and science (Nieuw Arch. Wisk., Ser. 4, 11, 1993), 51-66) In 1995 he published Randomness and probability (Math. Japon., 41, 1995, 41-58) Proceedings of the 20th IFAC World Congress Toulouse, France, July 9-14, 2017
Google Scholar citations. Up to now, the Kalman filter related publications exceed 489000.
Kalman not only shaped the field of modern control theory, but he was instrumental in promoting its wide usage. His superb scholarship, magnetic personality, and his lectures in universities, conferences, and industry attracted countless researchers who were greatly influenced by his ideas. 
